Xenopus sperm chromatin lacks class m transcription complexes and somatic histone HI. Inactive class ID genes in sperm chromatin are easily programmed with transcription complexes de novo and transcribed in Xenopus oocyte nuclear extract, hi contrast, repressed class in genes in somatic chromatin are not transcribed in the oocyte nuclear extract. Class III genes that are initially inactive or repressed in both types of chromatin can be efficiently transcribed in a cell free preparation of Xenopus eggs. Chromatin mediated repression of class HI genes in somatic nuclei is reversible in Xenopus egg extract, but not in the oocyte nuclear extract. Any inhibition of transcription attributed to chromatin assembly onto a gene, will therefore depend on the extract in which transcription is assayed.
INTRODUCTION
An important element of transcriptional control in eukaryotes is the accessibility of promoter elements in chromatin (1-3). Prior assembly of nucleosomes in vitro onto eukaryotic genes has the potential to prevent subsequent binding of transcription factors and RNA polymerase (4-10). In vitro chromatin assembly systems (11, 12) lead to the binding of many proteins to DNA other than histones (13), or generate close packed nucleosomes (6). This chromatin may differ significantly from chromatin present in a normal somatic nucleus.
Chromatin isolated from a normal somatic nucleus retains the same genes in an active or repressed state as found in vivo (14. 15). Xenopus oocyte 5S RNA genes are maintained in a repressed state by a chromatin structure dependent on histone HI. Removal of histone HI by ion exchange chromatography allowed oocyte 5S DNA to be transcribed in a complete transcription extract (15, 16). The readdition of histone HI, to somatic chromatin depleted of histone HI, prevented oocyte 5S RNA gene transcription. Treatment of somatic nuclei with salt concentrations that begin to dissociate histone HI (17) allowed the activation of repressed oocyte 5S RNA genes after transplantation of these nuclei into Xenopus oocytes (18). These studies suggest that histone HI can exert an inhibitory effect on transcription in addition to any possible inhibitory effect from the presence of nucleosomes alone.
This study extends these observations using a novel template : chromatin derived from Xenopus sperm nuclei. Sperm chromatin does not contain normal somatic histone HI (19, 20) , although it is packaged into a regular 'nucleosomaT repeat. Xenopus lacyia sperm nuclei contain normal amounts of histories H3 and H4, but reduced levels of H2A and H2B, sperm specific histone variants are substituted (19, 20) . Sperm chromatin does not contain class HI transcription factors and is therefore an ideal template to examine the de novo programming of class III genes with transcription complexes using a chromatin template. In experiments examining the replication of class IH genes in vitro using sperm and somatic nuclei in activated Xenopus egg extracts (21), I observed the active transcription of normally repressed class III genes. This work describes differences between the transcriptional activation of sperm nuclei or chromatin, and that of somatic nuclei or chromatin in Xenopus transcription extracts.
Surprisingly, at high transcription factor concentrations in Xenopus activated egg extract, even genes assembled in chromatin containing histone HI can be transcribed.
MATERIALS and METHODS Plasmid DNAa.
The Xenopus laevia satellite I DNA clone called E190 was the gift of D. Carroll (22); the major oocyte 5S RNA gene was pXlo316 (23) . Transcription extract Xenopus laevis oocyte nuclear extract was prepared by a modification of the procedure of Birkenmeier (16). Ovaries were removed from adult frogs, fragments of ovary were swollen for 3 hours in 5mM Tris (pH 7.8) and lOmM MgCl2-Individual fragments of ovary were transferred to ice cold T buffer (70mM NH4CI, 7mM MgCl2, O.lmM EDTA, 25mM DDT, 10% (v/v) glycerol, lOmM HEPES (pH 7.4) and 2% polyvinyl pyrrolidone). The oocytes were broken using two pairs of forceps. Nuclei were taken up into a pipette tip. Five hundred nuclei were collected into a microfuge tube in a total volume of lml. The nuclei were disrupted by brief vortexing. The lysate was centrifuged at 10,000 xg for 1 min at 4°C to pellet nuclear debris.
Activated egg extract was prepared as previously described (21). Unfertilized Xenopun lacyjj eggs were dejellied in 2% cysteine (pH 8.0) in egg laying buffer (HOmM NaCl, 2mM MgCl2, lmM MgS0 4 , OJmM NaH 2 P0 4 , 2mM NaHC03, 15mM Tris Hd (pH 7.4). The eggs were washed 5 times in 20% MBS (18mM NaCl, 0.2mM Kd, 0.15mM NaHC03, 2mM HEPES, (pH 7.5), 0.15mM MgS0 4 , 0.05mM Ca(N03)2, O.lmM CaCl 2 ). They were then activated by pulsing with 200V for 0.5s. Eggs tliat formed a visible white spot in the animal pole were washed with 20% MBS and then with ice cold extraction buffer (50mM HEPES (pH 7.4), 50mM KC1, 5.0mM MgCl 2 , 2mM 0-mercaptoethanol, 3jig/>J leupcptin (Sigma). Cooled 4ml SW50 tubes were filled with eggs, excess buffer was removed, and spun in a Beckman SW 50 Ti rotor at 9,000 xg at 4°C for 15 min. The brown cytoplasmic fraction was removed with an ice cold Pasteur pipette and recentrifuged at 9,000 xg at 4°C for 30 min. The activated egg extract was then made 40% with glycerol and frozen in liquid nitrogen. Transcription reactions using these extracts or purified RNA polymerase HI (24) were as described (25, 26) . Preparation of sperm nuclei, somatic nuclei «nd ffhrftfTlfltin Xenopus lafiyja sperm nuclei were prepared as previously described (21). Testes were homogenized in 2ml SuNaSp (250mM sucrose, 75mM NaCl, 0.5mM spermidine, and 0.15mM spermine). Debris was removed by centrifugatlon at 1000 xg for 5 min and resuspended in 0.5ml SuNaSp. Demembranation was performed by the addition of 20jJ lmg/ml lysolecithin. After 10 min, the reaction was stopped by the addition of lml SuNaSp containing 3% bovine serum albumin at 0°C. The sperm nuclei (> 95% pure) were washed three times in SuNaSp and finally resuspended in SuNaSp plus 30% glycerol.
Nuclei were also prepared from Xenopus liver and erythrocytes by established methods (21, 27). Liver tissue was dounced and erythrocytes were resuspended in 50% glycerol, 50mM Tris-HCl (pH 7.5), lOOmM KC1, 5mM MgCl 2 , 2mM DTT, 0.5mM PMSF, and 0.1% NP40. The lysate was spun down at 4,000 xg for 10 min. The pelletted materials was resuspended in nuclei buffer (50mM Tris (pH 7.5), 70mM KC1, 7mM MgCl 2 , O.lmM EDTA, 2mM DTT, 0.4mM PMSF, 25% glycerol).
The method of McOhee (28) was used to convert nuclei to chromatin. Nuclei at a concentration of 1-2 x 10°/ml were incubated in nuclei buffer containing lmM CaCl 2 with 2U/ml of micrococcal nuclease (Wormington) at 37°C for 15 min. EGTA was then added to 2.5mM and the nuclei pelletted at 850 xg for 10 min. The lightly digested nuclei were resuspended in 0.25 mM EDTA (pH 7.0), lmM DTT, and 0.4mM PMSF and dialyzed for 24 hours at 4°C. The digests were then dialyzed for 3hr against chromatin storage buffer (lOmM Tris (pH 7.5), O.lmM EDTA, lmM DTT, 0.4mM PMSF and 10% glycerol). Insoluble material was removed by centrifugation at 1000 xg for 5 min.
Preparation of transcription factors
The 5S RNA gene specific transcription factor TFULA was isolated as described (29) . Transcription fraction TF1TIC with the characteristics described (23) was fractionated by published methods (30) . Preparation of hi.ttnne HI nnd antibodies to hiatn^i HJ Histone HI was prepared from Xenopus lacyjs Irver (31) . The protein was extracted from nuclei with 5% (v/v) perchloric acid and was purified on Biogel P-60 using 20mM-HCl and 50mM NaCl as elution buffer. The purified protein was dialyzed against water.
Polyclonal antiserum to histone HI was prepared in rabbits, immunoblotting was as described (32, 33). Figure 3 ). This packaging of Xenopus sperm chromatin is similar to that seen with sea urchin sperm chromatin, which also has HI and H2B sperm specific variants (34) .
RESULTS. Xenopus sperm chromatin is
These experiments indicate that the inactive class HI genes packaged into sperm chromatin are accessible to both transcription factors and RNA polymerase HI. In contrast, transcription factors and RNA polymerase in cannot bind productively to repressed class III genes (e.g. oocyte 5S RNA genes) in somatic chromatin (15, Figure  1A , lane 5). Xenopiifi TOerm nuclei require decondensation for active transcription.
The transcription of soluble Xenopus sperm chromatin indicated that de novo programming of inactive class III genes was readily accomplished with this template. However, high levels of transcription from highly condensed sperm nuclei were not seen in the oocyte nuclear extract (data not shown). The oocyte nuclear extract does not decondense sperm nuclei. This suggested that chromatin decondensation, either by An radioautogram is shown of Xenopus sperm nuclei or Xenopus erythrocyte nuclei incubated in activated egg extract for varying periods of time as indicated, followed by repurification of nuclei, resolution on an SDS polyacylamide gel and immunoblotting against histone HI.
Lane 1, 20ng liistone HI control, lanes 2 -5, 5 x 10^ sperm nuclei incubated in IOJJ activated egg extract for 0, 1, 4 and 24 hours. Lane 6 -9, 2.5 x 1(T erythrocyte nuclei were incubated in 10/J activated egg extract for 0, 1, 4, and 24 hours.
(data not shown, see 42). Addition of a large excess of ihlllA to the activated egg extract leads to strong 5S RNA gene transcription (lanes 3 and 4) . The 5S RNA transcription comes from the activation of both somatic and oocyte 5S RNA genes ( Figure 4C, lane 2) . This agrees with previous data showing activation of both somatic and oocyte 5S RNA gene transcription from cloned DNAs following the addition of TF1IIA to activated egg extract (26) . The activation of 5S RNA gene transcription was found to be equivalent in both sperm and somatic nuclei (quantitated by Cherenkov counting of the radiolabelled 5S RNA synthesized). This result is important because it indicates that somatic cell chromatin templates can behave in a similar fashion to cloned DNAs in vitro (26, 45) .
It has been proposed that 'activating oocytes' (18), in which oocyte 5S RNA gene transcription is turned on in a somatic nucleus transplanted into an oocyte, was the result of alterations in chromatin structure caused by proteolysis of histone HI (15). Although the removal of histone HI from somatic chromatin facilitates oocyte 5S RNA gene transcription (data not shown, see 42) , immunoblotting indicates that histone HI is stable in the activated egg extract (Figure 7) . Histone HI remains associated with somatic nuclei inspite of the activation of the oocyte 5S RNA genes. It therefore seems likely that the activated egg extract is reproducing the phenomena described for 'activating oocytes' or eggs (18, 42), without requiring the degradation of histone HI. The experiments described here suggest that either an excess of ihlllA and/or TFIIIC in 'activating oocytes' could explain the earlier results of Kom and Gurdon (18).
